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peptide DGENE 
Detecting an isoprenylated protein in a 
cell, comprises contacting the cell with 
an isoprenyl azide substrate, in which an 
azide from a substrate is incorporated into the 
protein^ and detecting using a Staudinger 
reaction. 
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US 2003-715329 
US 2003-715329 
Patent 
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2005-394577 [40] 
RC peptide SEQ ID N0:1. 
ADZ88868 peptide DGENE 
AB The invention relates to a method (Ml) for detecting a first 
isoprenylated protein in a cell. (Ml) comprises: (a) 
obtaining a synthetic isoprenyl azide substrate of a 
protein in the cell; (b) contacting the cell 
under conditions, where the cell takes up and incorporates 
into the protein an azide from the substrate; and (c) 
detecting the first protein from proteins produced by the 
cell with a phosphine capture reagent by the 
Staudinger reaction. Also described: (1) labeling (M2) a 
protein in a cell comprising preparing a synthetic 
substrate of the protein comprising at least a first 
azide/ and contacting the cell under conditions where 
the synthetic substrate is taken up and incorporated into the 
protein and the protein is labeled with the first 
azide; and (2) a compound (CI) having the molecular formula (I), 



(II) or (III) . (Ml) is useful for detecting at least a first 
isoprenylated protein such as Ras^ in a cell. (M2) 
and CI are useful for labeling a protein in a cell. 
(Ml) enables detection and isolation of isoprenylated proteins 
with high yield, high specificity and low contamination without harsh 
treatment of proteins. (Ml) allows uniformly chemoselective enrichment 
of proteins containing an azide group using phosphine 
capture reagents. (Ml) allows efficient analysis of dynamic 
f arnesylation modification. (Ml) enables identification and 
quantification of low-abundant farnesylated proteins. (Ml) is 
suitable for the characterization of biological functions and 
identification of farnesylated protein targets in 

response to drugs. The present sequence represents an RC peptide, which 
is a CAAX-box containing peptide used in an example from the present 
invention to determine whether farnesyl transferase can used 
FPP azide as a substrate for protein 
f arnesylation . 
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AB A recently developed proteomics strategy, designated tagging-via-substrate 

(TAS) approach, is described for the detection and proteomic analysis of 

farnesylated proteins . TAS technology involves metabolic 

incorporation of a synthetic azido-f arnesyl analog and 

chemoselective derivatization of azido-f arnesyl 

-modified proteins by an elegant version of Staudinger reaction, 
pioneered by the Bertozzi group, using a biotinylated phosphine 
capture reagent. The resulting protein conjugates can be 
specifically detected and/or affinity-purified by 

streptavidin-linked horseradish peroxidase or agarose beads, respectively. 

Thus, the technology enables global profiling of farnesylated 

proteins by enriching farnesylated proteins and reducing the 

complexity of f arnesylation subproteome. Azido- 

farnesylated proteins maintain the properties of protein 

farnesylation, including promoting membrane association, 

Ras-dependent mitogen-activated protein kinase kinase 

activation, and inhibition of lovastatin-induced apoptosis. A proteomic 
analysis of farnesylated proteins by TAS technology revealed 18 
farnesylated proteins, including those with potentially novel 
farnesylation motifs, suggesting that future use of this method is 
likely to yield novel insight into protein farnesylation 

TAS technology can be extended to other posttranslational 
modifications, such as geranylgeranylation and myristoylation, thus 
providing powerful tools for detection, quantification, and proteomic 



analysis of posttranslationally modified proteins. 
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SUM DESCRIPTION (provided by applicant) : The identification and 
characterization of changes in the level of farnesylated 
proteins in response to the treatment of farnesyl transferase 
inhibitors (FTIs), a newly introduced family of antitumor agents currently 
undergoing clinical evaluation, represents a major scientific challenge. 
Extant proteomics methods are limited to quantifying a few thousands of 
the most abundant proteins and, therefore, are unsuitable for the targeted 
profiling of less abundant farnesylated expression. The major 
goal of this application is to develop and validate a powerful technology. 
Tagging via Azido Substrate (TAS), for the efficient 
isolation of farnesylated proteins. This technology will 
then be applied to the proteomics analysis of farnesylated 
proteins in physiologically relevant models. The TAS technology involves 
the introduction of a synthetic azide-modif ied farnesyl 
substrate, either farnesyl azide diphosphate (FPP- 
azide) or farnesyl azide alcohol (F- 

azide-OH) , which replaces the natural substrate during cellular 
protein farnesylation. The resulting farnesyl- 
azide ( F-azide) -modified proteins will be affinity- 
purified through an azide-specif ic conjugation reaction 
(Staudinger reaction) using a phosphine capture 

reagent linked to photo-cleavable beads, which can then be released by UV 

light-induced photo-cleavage. Since affinity purification relies 

on covalent bonding resulting from a specific conjugation reaction between 

an azide and phosphine capture reagent, other proteins 

without the F-azide modification can be effectively removed by 

thorough washing. Thus, the TAS technology will allow farnesylated 

proteins to be isolated with high yield, high specificity, and 

low contamination. The initial focus of the R21 portion of this proposal 

is on the development of TAS technology and its application to the 

isolation of farnesylated proteins. These studies will 

be extended subsequently to geranylgeranylated proteins. The R33 proposal 
will aim at applications of the TAS technology to the identification of 
novel FTI targets . These studies will provide fundamental information for 
the understanding of molecular mechanisms of FTI functions and are likely 
to identify novel targets for antitumor drug design. 
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DOCUMENT TYPE: Utility 
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FILE SEGMENT: CHEMICAL 
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GOVERNMENT INTEREST: 
The government may own rights in the invention pursuant to grant number CA 
85146 and GM 31278 from the NIH. 

NUMBER OF CLAIMS: 32 4 Figure (s). 

DESCRIPTION OF FIGURES: 
FIG. 1, Schematic representation of one embodiment of the TAS technology for 
solid-phase-isolation of azide-labeled farnesylated 

proteins. (A) Farnesyltransferase-catalyzed enzymatic reaction using 

FPP or FPP azide as a substrate. (B) Chemical structures of natural 

FPP, and a FPP-azide and the corresponding alcohols, F-OH (farnesol) 

and F-azide-OH. (C) A Staudinger conjugation reaction 

between a phosphine and an azide-containing molecule. (D) 

The structure of a biotinylated phosphine capture reagent and its 

reaction product with an azido-f arnesylated protein 

. (E) Experimental procedure for the isolation of F-azide 

modified proteins. Protein i and ii, unmodified proteins; 

***protein*** iii, a protein modified by natural farnesyl 

group; and protein iv, F-azide modified proteins. Only F- 

***azide*** modified protein iv is purified and released 

by UV light-induced photocleavage . 

FIG. 2. FPP azide is a substrate for in vitro farnesylation 

reaction. MALDI-TOF mass spectra of RC peptide before (A) and after (B) in 

vitro farnesylation reaction. One hundred pmol RCpeptide (KKFFCAIS) 

were mixed with 3000 pmol FPP azide and 35 pmol FTase in 7 mu 1 

reaction buffer and incubated at 30 degrees C. for 10 h. The F-azide 

modified RC-peptide was confirmed by mass spectrometry (m/z, 1191) . 

FIG. 3. Detection of F-azide modified Ras and HDJ-2 by mobilityshif t 

assay. Mobility-shift assay of Ras (A) and HDJ-2 (B) . COSl cells were labeled 

with the indicated compounds for 24 h, the cell lysate were resolved 

in SDS-PAGE and probed using anti-Ras and anti-HDJ-2 antibodies, respectively. 

The letters, "u" and "p", indicate the unmodified and isoprenylated forms of 

the proteinf respectively. 

FIG. 4. Global detection of F-azide modified proteins by Western 

blotting analysis. COS cells were labeled with DMSO, or FPP N3 with or without 

lovastatin, as indicated, for 24 h. The protein lysates from the 

cells were precipitated by acetone/TCA method, redissolved in a buffer 

containing 2% SDS and PBS. The resulting solution was conjugated to 

biotinylated phosphine capture reagents or not, precipitated by 

acetone/TCA method again. The protein pellet was redissolved in IxSDS 

sample buffer, resolved in SDS-PAGE, and detected by Western blotting analysis 

using streptavidin-conjugated HRP with or without biotin. 

AB The invention provides methods and compositions for azide 

tagging of biomolecules . In one embodiment of the invention, proteins are 

tagged by metabolic incorporation of prenylated azido 

-analog substrates. Examples of such analogs are azido famesyl 

diphosphate and azido famesyl alcohol. The azido 

moiety in the resulting modified proteins provides an affinity tag, which 
can be chemoselectively captured by an azide-specif ic 
conjugation reaction, such as the Staudinger reaction, using a 
phosphine capture reagent. When the capture agent is 

biotinylated, the resulting conjugates can be detected and affinity- 
purified by streptavidin-linked-HRP and streptavidinconjugated 
agarose beads, respectively. The invention allows detection and 



isolation of proteins with high yield, high specificity, and low 
contamination without harsh treatment of proteins. 
CLMN 32 4 Figure (s) . 

FIG. 1. Schematic representation of one embodiment of the TAS technology 
for solid-phase-isolation of azide-labeled 
farnesylated proteins . (A) Farnesyl transferase 
-catalyzed enzymatic reaction using FPP or FPP azide as a 
substrate. (B) Chemical structures of natural FPP, and a FPP- 
azide and the corresponding alcohols, F-OH (farnesol) and F- 
azide-OH. (C) A staudinger conjugation reaction between 
a phosphine and an azide-containing molecule. (D) The 
structure of a biotinylated phosphine capture reagent and its 
reaction product with an azido-f arnesylated 
protein. (E) Experimental procedure for the isolation 
of F-azide modified proteins. Protein i and ii, 
unmodified proteins; protein iii# a protein modified 
by natural farnesyl group; and protein iv, F- 
azide modified proteins. Only F-azide modified 
protein iv is purified and released by UV light-induced 
photocleavage . 

FIG. 2. FPP azide is a substrate for in vitro 
farnesylation reaction. MALDI-TOF mass spectra of RC peptide 
before (A) and after (B) in vitro farnesylation reaction. One 
hundred pmol RCpeptide (KKFFCAIS) were mixed with 3000 pmol FPP 
azide and 35 pmol FTase in 7 mu 1 reaction buffer and incubated 
at 30 degrees C. for 10 h. The F-azide modified RC-peptide was 
confirmed by mass spectrometry (m/z, 1191). 

FIG. 3. Detection of F-azide modified Ras and HDJ-2 by 
mobilityshift assay. Mobility-shift assay of Ras (A) and HDJ-2 (B) . COSl 
cells were labeled with the indicated compounds for 24 h, the 
cell lysate were resolved in SDS-PAGE and probed using anti-Ras 
and anti-HDJ-2 antibodies, respectively. The letters, "u" and "p", 
indicate the unmodified and isoprenylated forms of the protein, 
respectively. 

FIG. 4. Global detection of F-azide modified proteins by Western 
blotting analysis. COS cells were labeled with DMSO, or FPP N3 with or 
without lovastatin, as indicated, for 24 h. The protein lysates 
from the cells were precipitated by acetone/TCA method, redissolved in a 
buffer containing 2% SDS and PBS. The resulting solution was conjugated 
to biotinylated phosphine capture reagents or not, precipitated 
by acetone/TCA method again. The protein pellet was redissolved 
in IxSDS sample buffer, resolved in SDS-PAGE, and detected by Western 
blotting analysis using streptavidin-conjugated HRP with or without 
biotin. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention provides compositions and methods of use thereof for 

labeling peptide and proteins in vitro or in vivo. The methods described 
herein employ biotin ligase mutants and biotin analogs recognized by 
such mutants. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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SUM DESCRIPTION (provided by applicant) : The identification and 
characterization of changes in the level of farnesylated 
proteins in response to the treatment of farnesyltransferase 
inhibitors (FTIs), a newly introduced family of antitumor agents currently 
undergoing clinical evaluation, represents a major scientific challenge. 
Extant proteomics methods are limited to quantifying a few thousands of 
the most abundant proteins and, therefore, are unsuitable for the targeted 
profiling of less abundant farnesylated expression. The major 
goal of this application is to develop and validate a powerful technology. 
Tagging via Azido Substrate (TAS) , for the efficient 
isolation of farnesylated proteins. This technology will 
then be applied to the proteomics analysis of farnesylated 
proteins in physiologically relevant models. The TAS technology involves 
the introduction of a synthetic azide-modif ied farnesyl 
substrate, either farnesyl azide diphosphate (FPP- 
azide) or farnesyl azide alcohol (F- 

azide-OH) , which replaces the natural substrate during cellular 
protein farnesylation. The resulting farnesyl- 
azide ( F-azide) -modified proteins will be affinity- 
purified through an azide-specif ic conjugation reaction 
(Staudinger reaction) using a phosphine capture 

reagent linked to photo-cleavable beads, which can then be released by UV 
light-induced photo-cleavage. Since affinity purification relies 
on covalent bonding resulting from a specific conjugation reaction between 
an azide and phosphine capture reagent, other proteins 



without the F-azide modification can be effectively removed by 
thorough washing. Thus, the TAS technology will allow farnesylated 
proteins to be isolated with high yield, high specificity, and 
low contamination. The initial focus of the R21 portion of this proposal 
is on the development of TAS technology and its application to the 
isolation of farnesylated proteins. These studies will 

be extended subsequently to geranylgeranylated proteins. The R33 proposal 
will aim at applications of the TAS technology to the identification of 
novel FTI targets. These studies will provide fundamental information for 
the understanding of molecular mechanisms of FTI functions and are likely 
to identify novel targets for antitumor drug design. 
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